Background Controlling Nutritional Status (CONUT), as calculated from serum albumin, total cholesterol concentration, and total lymphocyte count, was previously shown to be useful for nutritional assessment. The current study investigated the potential use of CONUT as a prognostic marker in gastric cancer patients after curative resection. Methods Preoperative CONUT was retrospectively calculated in 416 gastric cancer patients who underwent curative resection at Kumamoto University Hospital from 2005 to 2014. The patients were divided into two groups: CONUThigh (C4) and CONUT-low (B3), according to time-dependent receiver operating characteristic (ROC) analysis. The associations of CONUT with clinicopathological factors and survival were evaluated. Results CONUT-high patients were significantly older (p \ 0.001) and had a lower body mass index (p = 0.019), deeper invasion (p \ 0.001), higher serum carcinoembryonic antigen (p = 0.037), and higher serum carbohydrate antigen 19-9 (p = 0.007) compared with CONUT-low patients. CONUT-high patients had significantly poorer overall survival (OS) compared with CONUT-low patients according to univariate and multivariate analyses (hazard ratio: 5.09, 95% confidence interval 3.12-8.30, p \ 0.001). In time-dependent ROC analysis, CONUT had a higher area under the ROC curve (AUC) for the prediction of 5-year OS than the neutrophil lymphocyte ratio, the Modified Glasgow Prognostic Score, or pStage. When the time-dependent AUC curve was used to predict OS, CONUT tended to maintain its predictive accuracy for long-term survival at a significantly higher level for an extended period after surgery when compared with the other markers tested. Conclusions CONUT is useful for not only estimating nutritional status but also for predicting long-term OS in gastric cancer patients after curative resection.
Introduction
Despite the development of diagnostic and therapeutic modalities for gastric cancer, it remains one of the main causes of disease-related death globally. It is the fourth most Electronic supplementary material The online version of this article (doi:10.1007/s10120-017-0744-3) contains supplementary material, which is available to authorized users. common cancer by incidence and the third leading cause of cancer death worldwide [1] . Multidisciplinary treatment, perioperative chemotherapy, surgery, and radiotherapy are the main options for the treatment of gastric cancer. Selection of the optimal treatment according to gastric cancer progression and the general condition of the patient is important in order to improve the patient's prognosis.
The nutritional status of the gastric cancer patient is a crucial factor because it allows the prediction of treatment tolerability and cancer progression [2] . A poor nutritional condition is reported to be associated with tumor invasion, and may reflect metabolic elevation caused by the cancer, immune-compromised status due to tumor progression, and an intolerance to cancer treatment [3, 4] .
Immunological status is also reported to be associated with cancer patient prognosis. Blood neutrophil, lymphocyte [5] , monocyte [6] , and platelet [7] counts are reported to reflect systemic and local inflammation associated with cancer progression and prognosis.
Controlling Nutritional Status (CONUT) is a newly proposed scoring system that is used to assess patient nutritional status [8] . Previous studies have proposed several systems for the assessment of nutritional status and/or immune status, and have proved their usefulness for the prediction of cancer patient prognosis. Such assessments include the modified Glasgow Prognostic Score (mGPS) [9] and the neutrophil to lymphocyte ratio (NLR) [5] . CONUT is calculated from the serum albumin concentration, total blood cholesterol level, and total peripheral lymphocyte count, and reflects the host's nutritional and immune status. CONUT is easily calculated from the data obtained in a blood examination, and allows the comprehensive evaluation of patients in hospital settings. Some studies have investigated the usefulness of CONUT for evaluating survival in gastrointestinal cancer patients, but there has been no such report for gastric cancer patients. Therefore, this study reported here evaluation of the usefulness of CONUT for determining the prognoses of gastric cancer patients with curative resection, and it compared the prognostic accuracy of CONUT to the corresponding accuracies of TNM stage, mGPS, and NLR. [10] .
Methods Patients
Treatment data were retrospectively obtained from the medical records of each patient. The median follow-up period was 61.2 months (range 1-134 months). Surgical procedures including the type of gastrectomy and extent of lymph node dissection, pathological and final staging, and postoperative surveillance were performed based on the Japanese Classification of Gastric Cancer Guidelines [11] . Postoperative complications and their grade were defined according to the Clavien-Dindo classification. Complications included surgical site infection, anastomotic leakage, any organ disease, any organ infection, abscess, pleural effusion, ascites, bleeding, obstruction, pancreatic fistula, and lymphorrhea. The use of clinical data was approved by the human ethics review committee of the Graduate School of Medicine, Kumamoto University.
CONUT score and other scoring systems Serum samples were collected and assayed within three weeks before surgery. Laboratory measurements included serum albumin, total cholesterol level, total peripheral neutrophils, lymphocyte count, C-reactive protein (CRP), carcinoembryonic antigen (CEA), and carbohydrate antigen 19-9 (CA19-9), and each cut-off value of CEA and CA19-9 was defined as 3.4 ng/ml and 3.7 U/ml, respectively based on the recommendations of the measuring kit our institute adopted. CONUT scores were calculated from the serum albumin concentration, total blood cholesterol level, and total peripheral lymphocyte count (Table 1) , and mGPS and NLR were determined based on previous reports [7, 9] .
Body mass index (BMI) was calculated from the preoperative heights and weights of the patients, which were measured by our medical staff within a few days before surgery. Patients were divided into two groups using 18.5 kg/m 2 as the minimum of the normal range indicated by the World Health Organization, as generally adopted in studies.
Statistical analysis
All statistical analyses were performed with EZR (Saitama Medical Center, Jichi Medical University, Saitama, Japan) and RStudio (Affero General Public License v3), which are graphical user interfaces for R (The R Foundation for Statistical Computing, Vienna, Austria), and Excel 2016 (Microsoft, Redmond, WA, USA).
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Univariate analyses were performed to investigate the correlation between CONUT and clinicopathological factors. Categorical variables were analyzed by the chi-square test or Fisher's exact test, and age was analyzed by Student's t test. All p values were two-sided and significance was assumed when p \ 0.05. The Kaplan-Meier method and log-rank test were utilized for survival analysis. Cox proportional hazards regression models were utilized to calculate hazard ratios (HRs) and 95% confidence intervals (CIs). The ''survivalROC'' and ''timeROC'' R packages were utilized to estimate time-dependent receiver operating characteristic (ROC) curves of CONUT, pStage, NLR, and mGPS for prognosis (https://cran.r-project.org/web/packa ges/survivalROC/index.html, https://cran.r-project.org/web/ packages/timeROC/index.html). The former was used to calculate the correct cutoff value of CONUT, and the latter to compare the area under the curve (AUC) for each marker.
Results

Correlations between CONUT and clinicopathological factors
Of the 416 gastric cancer patients included in the study, 267 (64.2%) were male and 149 (35.8%) were female, and their mean age was 67.2 years (range 25-94 years). They were divided into four groups based on the originally proposed CONUT classification: 236 patients (57.6%) were normal; 142 (31.6%) were classified as light; 33 (10.0%) as moderate; and five (0.7%) as severe. Based on the timedependent ROC curve to predict 5-year overall survival (OS), a CONUT score of 3 was defined as the optimal cutoff value ( Fig. S2 in the Electronic supplementary material, ESM); therefore, the cohort was divided into two groups: patients with a CONUT score of 3 or less (n = 354) were termed the CONUT-low group, and patients with a score of 4 or more (n = 62) were termed the CONUT-high group in the analysis of correlations with clinicopathological factors (Table 2) . CONUT was significantly associated with several clinicopathological factors. CONUT-high was associated with older age (CONUT-low vs. CONUT-high: 65.5 ± 12. Correlations of the CONUT score with survival rates CONUT was significantly associated with 5-year OS, relapse-free survival (RFS), and cancer-specific survival (CSS). Five-year OS rates in the CONUT-low and CONUT-high groups were 84.8 and 43.8% (p \ 0.001) (Fig. 1a) , 5-year RFS rates were 90.6 and 77.8% (p = 0.017) (Fig. 1b) , and 5-year CSS rates were 94.0 and 82.3% (p = 0.019) (Fig. 1c) , respectively. Adjusted for pStage, CONUT-high was strongly associated with 5-year OS in both pStage I and pStage II patients, but not in pStage III patients (Fig. 1d-f) .
In univariate analysis, CONUT-high was associated with poor OS (HR 5.09, 95% CI 3.12-8.30, p \ 0.001) ( Table 3) . Regarding patient factors, a lower BMI (\18.5 kg/m 2 ) was significantly associated with poor OS In the analysis of associations of CONUT with RFS and CSS, CONUT-high was significantly associated with poorer RFS (HR 2.63, 95% CI 1.16-5.98, p = 0.021) and CSS (HR 4.13, 95% CI 1.62-10.55, p = 0.003) in univariate analysis. However, CONUT was not an independent prognostic factor for RFS and CSS in multivariate analysis.
Comparison of CONUT with its components (serum albumin, total cholesterol, and total lymphocytes) in terms of prognostic accuracy in the prediction of 5-year overall survival
We explored the prognostic accuracies of CONUT and each of its components-albumin (Alb) score, total cholesterol (T-cho) score, and total lymphocytes (TLC) score, as calculated from the serum albumin value, total cholesterol level, and total lymphocytes (see Table 1 CONUT showed significantly higher accuracy than mGPS and equivalent accuracy to NLR and pStage in the prediction of 5-year OS. However, the predictive accuracy of CONUT was not significantly superior to those of the other scoring systems or pStage in relation to 5-year RFS (Fig. 2b) and CSS (Fig. 2c) . A comparison of the time-dependent AUC-of-ROC curves of these scoring systems for the prediction of OS showed that the AUCs for all of them were relatively high in the period recently after surgery and tended to decrease over time, but that the AUC of CONUT tended to be higher than the other scoring systems and pStage at all times tested (Fig. 3) . 
Discussion
In gastric cancer patients, the BMI [12] , amount of visceral fat [13] , and degree of sarcopenia [14] , which are indicators of body composition, were demonstrated to be associated with tumor proliferation and prognosis in gastric cancer patients. This study was the first to assess the associations between preoperative CONUT, clinicopathological factors, and survival, and demonstrated the prognostic power of CONUT in gastric cancer patients who underwent curative resection. It revealed that CONUT was strongly correlated with age, BMI, tumor size, infiltrative primary tumor, and depth of invasion. CONUT-high was significantly associated with a poor OS, RFS, and CSS in univariate analysis. Importantly, CONUT was an independent prognostic factor for OS, and an especially strong association was observed at earlier pStages. The prognostic accuracy of CONUT was compared with those of previously reported scoring systems or classifications, mGPS, NLR, and pStage. An evaluation of the accuracy of each prognostic system revealed that CONUT tended to be superior to the other scoring systems for the prediction of 5-year OS, but not for 5-year RFS and CSS. CONUT maintained a high accuracy for the prediction of OS at all time points tested. Thus, these results suggested that CONUT may be not only an oncological predictor but also a comprehensive prognostic marker that accounts for the long-term nutritional effect after gastrectomy compared with other markers. Regarding nutritional supplementation after gastrectomy, many trials have reported on omega-3 fatty acid-supplemented immunonutrition [15] and elemental nutrition [16] , but have so far found the clinical benefit of such supplementation to be limited. It may be important to select patients who require intensive nutritional support after gastrectomy. Because CONUT has a high ability to predict long-term overall survival, CONUT may be useful not only for predicting cancer progression but also for screening patients for nutritional reserve capacity and for selecting candidates for intensive nutritional support after gastrectomy.
CONUT is a nutritional evaluation score [8] that is calculated from the serum albumin value, the total cholesterol level, and the total lymphocyte count, which are obtained easily from a blood examination. CONUT was first proposed as a comprehensive scoring system for assessing the nutritional and immune status of a patient, and was demonstrated to correlate with the length of hospitalization [17] . In addition to its usefulness for assessing nutrition, CONUT has been reported to be a prognostic factor for patients with chronic diseases such as end-stage liver disease [18] or chronic heart failure [19] . The progression of cancer in a patient and its prognosis have been shown to be closely related to the general condition of the patient, including their nutritional and inflammation status [20] , and CONUT has been reported to be predictive of esophageal squamous cell carcinoma patient survival [21] . With regards to the three components of CONUT, serum albumin value has twice the weight of the other parameters. Serum albumin is a strong marker of host nutritional status, is closely correlated with the degree of malnutrition, and was reported to correlate with prognosis in patients with gastric cancer [22] . Low levels of serum albumin might be caused by pro-inflammatory cytokines such as interleukin-6 or tumor necrosis factor-alpha, which modulate the synthesis of albumin by hepatocytes [23, 24] . Serum albumin values are also affected by liver function and changes in body fluid volume [25] . Total cholesterol level was reported to correlate with tumor progression and patient survival in various cancers [26] . Several studies have found an inverse association between total cholesterol and increased risk of cancers, including gastric cancer [27] , because tumor tissues reduce plasma cholesterol levels or calorie intake [28] . Total lymphocyte count is an indicator of immunological status and lower peripheral lymphocyte count was associated with a worse prognosis in diverse cancer patients [29] [30] [31] because of the insufficient host immune response to cancer cells and intolerance to chemotherapy. The combination of these three parameters into CONUT allows various phases of nutrition to be included and enhances its ability to accurately assess general condition.
This study had some limitations. It was retrospectively designed, patients were included from just one institution, and the cohort was ethnically homogeneous. Also, because they had not participated in any nutritional support trial and the support provided depended on the attending doctor, we did not follow-up nutritional support in detail after surgery, so we could not obtain the postoperative CONUT and determine its significance. In addition, the evaluation and assignment of a cutoff value for CONUT were performed with the same cohort in this study, so the significance of CONUT needs to be validated using other cohorts.
In conclusion, this study suggests that CONUT is useful for not only estimating nutritional status but also for predicting long-term OS in gastric cancer patients undergoing curative resection.
Compliance with ethical standards
Conflict of interest The authors have no conflict of interest that is directly relevant to the content of this article.
Ethical standards All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1964 and later versions. Informed consent was obtained from all patients before they were included in the study.
